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roformubtinn Method " and their Products 

This invention relates to methods for coformulating an active substance and an 
oligomer* or polymeric excipient. It also relates to the particulate products of such 
methods. 

In particular, it relates to new applications and products of the particle formation 
technique known as SEDS™ (Solution Enhanced Dispersion by Supercritical fluids), 
which is described in WO-95/01221 and (in modified versions) in WO-96/00610, WO- 
98/36825, WO-99/44733 and WO-99/59710. It has been found that this technique may 
be used to produce novel coformulation products, especially of pharmaceutically active 
ingredients with oligomer or polymer excipients, having advantageous physicochemical 
characteristics. 

It is known to coformulate pharmaceuticals with polymers in order to modify 
their solubility profiles and hence, for example, improve the dissolution of an otherwise 
15 poorly soluble drug, or slow the dissolution of a highly soluble drug so as to control its 
release after administration or to reduce its toxicity. 

Known techniques for preparing such drug/polymer coformulations include 
solvent evaporation and coprecipitation, from a mixture of the drug and polymer in a 
common solvent system. Such approaches are often limited however by manufacturing 
20 difficulties, including environmental constraints, solvent problems such as the need for 
multiple solvent systems and the consequent risk of phase separation, harvesting 
difficulties and the high levels of polymer often required. Other major limitations tend to 
be the poor physical properties and processing characteristics of the particulate products, 
which can be cohesive and difficult to handle, may contain unacceptable levels of residual 
25 solvent or non-uniform drug distributions, may suffer poor chemical and physical stability 
and are often large particles which need to be further reduced in size before they can be 
processed into commercial products. It can also be difficult to control the morphology of 
the drug in the system, ie, the relative proportions of its crystalline and (more soluble, and 
hence generally preferred) amorphous phases. 
30 There is a tendency too for amorphous phase drugs, even in the presence of 

polymeric excipients, to be meta-stable with respect to the crystalline phase. Over 
extended storage periods an amorphous drug can revert to its crystalline form, with 
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c,*^. changes in hs option profile. Th. d^.. of nrsufiri^ may dep^md on 
^age «npera«ure (in particular whh reap... ,0 fixe glass option tanp.rn.ure, Tg, of 
ft. amcsphous solid) and humidity, and on taativ. drug and etapmn. ~nc.mrat.ons. 
. also be effected to some degree by fire choice of .xeiptart, and eveo by the mamKr m 
wMchthedmg/polymertnixorrewasprepared. (See references {1] - CI) 

A„ active substance such as a dntg should have sable characteristics under 
"nomaf storage conditions, typically at room tetnpemrure and for shelf lives of « M 
W oy«ns Thus for pharmaceuticals, stardards ar. being developed which reou*. 
sla b«ta for reasonable periods at 25-C. Prmdous artanpts to cofonuulat. dnrgs unfit 
excipients have generafiy MM « achieve an amorous phase active wifi, such a brgb 
tad of aabilny; in many csea rec^safion haa been obseweu whhhr days, tf no. 

hours(ll1-l5],a»pra). 

Marsumoro and Zografi [6] data more recenfiy to have sfcbihaed the 
a^otphous Phase of fir. drug indontahacin, using po,y vinyl py™lidon. (PVP) as . 
«*■«. They report storage periods of up ,o 20 weeks a, 30-C wifirou, 
,.^-isation, for cofonnulafions containing up .0 95% indontahachr. The propert.es 
of Ae sysrem are expired in renns of hydrogen bonding herween «he dnrg and polynK.. 
v,hich disnrpts the drug dta«rs associated wiflr the crysulline ptase. 

The produce of fire presen, invenfion a™ coformulations of- aofiv. subsume 
„ typically a phannaceurica«y acrive substance, wifir an oligomeric or polymeric matauti 
The, conuta significant amouma of fire active subsume, in its amorphous form, the 
M of which can be much greata firan in analogous prior «. coformulations. They 
can be «d in panicular in the design and manufitaur. of drug ddiv«y sysr^na, to 
control drug rel.es. and/or enhanc bioavailabilhy. 

According to a firs. aspM. of <h. pros™, invention, tirere is proofed a 
cotaxmnatio. of . active (preferably a phanuac^ticahy activ.) subsume and - 
oBgomori. or pontic ma.eri A in which berwwn SO and ,00% of urn acttve substance 
„ in anamorphousas opposed ,o c^sulline form, wh-in fi-e -o^hous ph^ 
JL subsmnc. is subfe, wifir respect «. to c^aDh* fo™(s), for at least tbs^ months 
,„ aft. ha pr.para.ion when srored a, beoveen 0 and 10°C, convenienfiy 6-C. It ts 
preferably also stabl., for .he same period, wten stored a. 25'C. 
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By "stable" is meant that, over the specified time period, there is no significant 
change in the X-ray diffraction (XRD) pattern of the coformulation and, where 
appropriate (ie, where measurable) in its differential scanning calorimetry (DSC) profile. 
There is preferably no significant change in the dissolution profile of the coformulated 

, active substance. In other words, there is little or no detectable change in the amount of 
any crystalline form(s) present after the specified time period, preferably less than 10%, 
more preferably less than 1%, most preferably less than 0.1% change with respect to the 
initial amount. Yet more preferably, the coformulation contains no detectable crystalline 
active substance both pre- and post-storage. 

o For the purpose of assessing stability, the coformulation may need to be stored 

in a protective atmosphere if it is particularly sensitive to humidhy. Low humidity levels, 
preferably a moisture-free environment or at least between 0 and 5% relative humidity 
(RH), may be achieved in conventional ways, for instance by storing in moisture resistant 

packaging or in a desiccator. 
,5 The amorphous phase active substance is preferably stable for at least six, 

preferably nine or twelve months after its preparation, and is most preferably stable for at 
least eighteen, twenty four or thirty six months after its preparation. 

It is preferably also stable, for the periods mentioned above, when stored at 25«C 
and up to 60% RH. Even more preferably, it is stable when stored at 40»C, most 

20 preferably at 40°C and up to 75% RH. 

A coformulation according to the invention is typically an intimate mixture of the 
active substance dispersed in a "matrix" of the oligomer or polymer excipient, in which 
the solubility characteristics of the active substance are modified due to the presence of 
the excipient. Usually the dissolution rate of the active substance will be enhanced by 
coformulating it, but in some cases (for instance of use in "controlled release" drug 

formulations) it may be inhibited. 

The products of the present invention, when made by a SEDS™ process, tend 
not only to be more stable but also generally less cohesive, more free flowing (having 
discrete particles) and easier to handle and process, than analogous coformulations made 
30 according to more conventional methods (in particular prior art coformulations 

containing amorphous or even semi-crystalline actives, which can have extremely poor 
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hiding ****** * ««■ — — ** "* ^ 

down to between 0 .1 end 1 urn, with relative* ruurow size dismbutton* 

^^v^ofd-ptod^of^^H^o.^^- 

general, be P^eo in the absence of addition,! surface, which many P*or art 
S^-l-^-— " Th.a.soo^con^.^tedt.ced 
levelS o f residual so,v«us. Moreover, since the, ate peeked 
homogeneous ****** * the, tend » °™ 

ZLns, a ch— ie whrch is espec* important when formulating .ow dosage 

. dro8S Thecofomto.abonsofmemventionateme^prepaee.by.SEDS™ 

from one or more "huge, solutions" containing the active substance and/or the 
P ;rl : ymlmatetil U has been — - SEDS-coformnHted produc* 

TcLtion metimds, and mote signincanti, - <* —us phase . mote St*, wtth 
„ aspect ,0 reversion to the crysuuline phase, conventionally produced 

T T tions This may be due to increased intimacy of the active subatimce/excp.en, 

r theories It may also be the case that the SEDS™ merited involves such raprd 
, Lnselvesvnti.anydeg^oforderastheyptaapita.e.Thes.owerpnorat, 

^LuUtio. ptocesses, such as solvent evaporation and spray may -J *• 

Zuen. re-crystallisation . If a coformulation contains a ^oam number of such 
lotion "seeus", h WM almost inevhably teveri to the online form on borage, „»en 

" ^"rt^t^ybeusedtopreparesuchoofo—s is surprlshng in view 
of ^ .heranrr. on tire process. In WO95/0.22,. for ex»np* user. - — <* 
d^polymer coformulations (sa.met.ro, Woat. and hydroxypropy, 
^ughlse appamnuy demonsbate "dtstutbanc" of crystaHlnriy « - d- -t-^ 
3„ ^JL DSOXPD da, that signiticam — of rite crystal drug ^resent. 
Blhe.mWO-PS/O.^andWO-^lO.th^eisempnasisontiseah.hnrof 

yield ordure marenats, and most of the eKamp.es in those decuman* and 
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in WO-98/36825, WO-99/44733 and WO-99/59710 show highly crystalline products 
when SEDS™ is used to process organic materials. 

Thus akhoughSEDS™ is a fast precipitation process, which might otherwise 
have been expected to produce amorphous solids, in fact it has been shown to force the 
majority of organic compounds into a crystalline state. The addition of a polymer ought 
be expected, as in Examples 10 and 16 of WO-95/01221, to reduce crystalhmty levels, 
but it would not be predicted to achieve 100% amorphous drug systems, particularly at 
the relatively high drug loadings now found to be possible (in the past, high levels of 

polymer (80% or greater) tend to have been needed to give any significant reducUon m 
a crystalline [2])- Moreover, the products of the invention have significantly improved 

,ong term stability (with respect to active re-crystallisation), which could not have been 

predicted from the prior art. 

By "a SEDS™ process" is meant a particle formation technique as described in 
WO-95/01221, WO-96/00610, WO-98/36825, WO-99/44733 and/or WO-99/59710, in 
15 which a supercritical or near-critical (preferably supercritical) fluid anti-solvent is used 
- simultaneously both to disperse, and to extract a fluid vehicle from, a solution or 
suspension of a target substance. Such a technique can provide better, and more 
consistent, control over the physicochemical properties of the product (particle size and 
size distribution, particle morphology, etc.) than has proved possible for coformulatums 
20 in the past. 

SEDS™ is also a one-step process; it can be used to precipitate both the active 
substance and the excipient at the same time, either from the same or from separate 
-target" solutions or suspensions, the target solution(s)/suspension(s) bemg co- 
introduced into a particle formation vessel with the anti-solvent, preferably through a 
25 coaxial nozzle with an appropriate number of concentric passages. 

Other advantages of the SEDS™ process are described in prior art such as WO- 
95/01221, for example the ability to process sensitive active substances in a light-free 

and/or oxygen-free environment. 

The anti-solvent used in the SEDS™ process is preferably supercritical carbon 
30 dioxide, although others (eg, as mentioned in the earlier SEDS™ literature) may be used 
instead or in addition. 
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The oligomer* (which includes dimeric) or polymeric material may be any 
suitable excipient for the active substance, of whatever molecular weight and whether 
hydrophilic - such as a polyethylene glycol, hydroxypropyl methyl cellulose (HPMC) or 
polyvinyl pyrrolidone (PVP) - or hydrophobic - such as an ethyl cellulose (EC). It may 
be a biodegradable oligomer or polymer such as a polylactide or glycolide or a 
polylactide/glycolide. It may be crystalline, semi-crystalline or amorphous. It may be a 
homo- or co-oligomer/polymer, synthetic or naturally occurring. 

Examples, of oligomer* or polymeric materials suitable in particular for 
coformulation with pharmaceutically active substances, include but are not limited to: 

a) traditional "natural" source materials, their derivatives and their synthetic 
analogues, such as acacia, tragacanth, alginates (for instance calcium 
alginate), alginic acid, starch, agar, carrageenan, xanthan gum, chitosan, 
gelatin, guar gum, pectin, amylase or lecithin. 

b) celluloses and cellulose derivatives, such as alkyl (for instance methyl or 
5 ethyl) ceuulose,hydroxyethylce U u^ 

hydroxypropyl cellulose (HPC), hydroxypropyl methyl cellulose, sodium 
carboxy methyl cellulose, microcrystalUne cellulose or microfine cellulose. 

c) homo- and co-polymers of hydroxy acids such as lactic and glycolic acids. 

d) acrylates and their derivatives, such as the "Eudragit"™ polymers, 
, 0 methacrylic acids, or methacrylates such as methyl methacrylate. 

e) hydrated silicas, such as bentonite or magnesium aluminium silicate. 

f) vinyl polymers, such as polyvinyl chloride, polyvinyl alcohols, polyvinyl 
acetates, polyvinyl pyrrolidones, cross-linked polyvinyl pyrrolidones or 
carboxy vinyl copolymers. 

25 g) polymeric surfactants, such as polyoxyethylene or polyoxypropylene, or 

polyalkylene oxides such as polyethylene oxides. 

h) phospholipids, such as DMPC (dimyristoyl phosphatidyl choline), DMPG 
(dimyristoyl phosphatidyl glycerol) or DSPC (distearyl phosphatidyl chohne). 

i) carbohydrates, such as lactose, dextrans, cyclodextrins or cyclodextrin 

30 derivatives. 

j) dendrimeric polymers, such as those based on 3,5 hydroxy benzyl alcohol, 
k) poly(e-ca P rolactones), DL-lactide-co-caprolactones and their derivatives. 
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1) poly(orthoester)s and poly(orthoester)/poly(ethylene glycol) copolymers, 
including block copolymers, such as are described in US-5,968,543 and US- 
5,939,453, also derivatives of such polymers, also such polymers with 
incorporated esters of short chain a-hydroxy acids or glycolic-co-lactic acid 
copolymers. 

Other suitable oligomers/polymers are listed in the literature on drug delivery 
systems, for example the report by Brocchini in World Markets Series "Business 
Briefing", Drug Delivery Supplement [7]. 

The oligomeric or polymeric material is preferably either a cellulosic material 
such as EC, HPC or HPMC (including cellulose derivatives), a vinyl polymer such as a 
polyvinyl pyrrolidone, a polyoxyalkylene (eg, polyoxyethylene or polyoxypropylene) 
polymer or copolymer or a polylactide or glycolide (including lactide/glycolide 
copolymers). 

The active substance may be a single active substance or a mixture of two or 
15 more active substances. It may be monomeric or polymeric, organic (including 

organometallic) or inorganic, hydrophilic or hydrophobic. It may be a small molecule, for 
instance a synthetic drug like paracetamol, or a larger molecule such as a (polypeptide, 
an enzyme, an antigen or other biological material. It preferably comprises a 
phaimaceutically active substance, although many other active substances, whatever then- 
intended function (for instance, herbicides, pesticides, foodstuffs, nutriceuticals, etc.), 
may be cofoimulated with oligomers or polymers in accordance with the invention. In 
particular the active substance may be a material having low aqueous solubility, for which 
coformulation with an oligomeric or polymeric excipient can increase the aqueous 
dissolution rate and hence facilitate delivery. 

In particular, it has surprisingly been found that SEDS™ may be used to 
coformulate an active substance with an oligomer or polymer even when their respective 
hydrophflicities are significantly different. Such pairings might previously have been 
thought incompatible for coformulation. Examples include coformulations of relatively 
polar actives such as paracetamol, theophylline or ascorbic acid with hydrophobic 
30 polymers such as ethyl cellulose. 

For some active substances, SEDS™ enables the preparation of coformulations 
containing higher amorphous phase active loadings than has previously been possible. 

7 
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Thus, a second aspect of the present invention provides a coformulation of (i) an active 
substance selected from the group consisting of paracetamol, ketoprofen, indomethacin, 
carbamazepine, theophylline and ascorbic acid and (ii) an oligomeric or polymeric 
material in which between 80 and 100% of the active substance is present in an 
, an.orphous as opposed to crystalline form, and in which the active substance represents at 
least 10% of the coformulation, provided that if the active substance is indomethacm or 
theophylline, the oligomeric or polymeric material is not polyvinyl pyrrolidone. 

In a coformulation according to the invention, preferably between 80 and 100%, 
more preferably between 90 and 100% or between 95 and 100%, most preferably 100%, 
0 of the active substance is present in an amorphous as opposed to crystalline form. The 
active substance preferably represents at least 1%, more preferably at least 2% or 5% or 
10% or 20% or 25% or 30% or 35% or 40% or 50% or 60% or 70% or 80% or 90% of 
the system. In other words, products according to the invention can contain high 
loadings of the active substance, of which all or substantially all is present as a single 

15 amorphous phase. 

Percentage concentrations are weight for weight unless otherwise stated. 
Where the active substance is indomethacin and the excipient is ethyl cellulose 
(EC) preferably between 95 and 100% of the indomethacin is present in an amorphous 
form; and the indomethacin represents at least 10%, more preferably at least 20% or 25% 
20 or 30% or 35%, of the coformulation. 

Where the active substance is indomethacin and the excipient is hydroxypropyl 
methyl cellulose (HPMC), preferably between 95 and 100% of the indomethacin is 
present in an amorphous form, and the indomethacin represents at least 10%, more 
preferably at least 20% or 25% or 30% or 35% or 40%, of the coformulation. 
25 Where the active substance is indomethacin and the excipient is polyvinyl 

pyrouidone (PVP), preferably between 95 and 100% of the indomethacin is present in an 
amorphous form, and the indomethacin represents at least 20%, more preferably at least 
25% or 30% or 40% or 50% or 60% or 65% or 70%, of the coformulation. 

Where the active substance is carbamazepine and the excipient is EC, preferably 
30 between 95 and 100% of the carbamazepine is present in an amorphous form, and the 

carbamazepine represents at least 10% more preferably at least 20% or 25% or 30%, of 
the coformulation. 
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Where the active substance is carbamazepine and the excipient is HPMC, 
preferably between 95 and 100% of the carbamazepine is present in an amorphous form, 
and the carbamazepine represents at least 10%, more preferably at least 20% or 25% or 
30%, of the coformulation. 

5 Where the active substance is theophylline and the excipient is EC, preferably 

between 95 and 100% of the theophylline is present in an amorphous form, and the 
theophylline represents at least 10%, more preferably at least 20% or 25% or 28% or 
30%, of the coformulation. 

Where the active substance is theophylline and the excipient is HPMC, 

10 preferably between 95 and 1 00% of the theophylline is present in an amorphous form, and 
the theophylline represents at least 1%, more preferably at least 2% or 5% or 8% or 10%, 

of the coformulation. 

Where the active substance is ascorbic acid and the excipient is EC, preferably 
between 95 and 100% of the ascorbic acid is present in an amorphous form, and the 
ascorbic acid represents at least 1%, more preferably at least 2% or 5% or 8% or 10% or 
15%, of the coformulation.- 

Where the active substance is ascorbic acid and the excipient is HPMC, 
preferably between 95 and 100% of the ascorbic acid is present in an amorphous form, 
and the ascorbic acid represents at least 10%, more preferably at least 20% or 25% or 
20 30% or 3 5% or 40%, of the coformulation. 

Where the active substance is a compound of formula (I) . 



15 
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10% or 15% or 20% or 24%, of the coformulation. 

Where the active substance is a compound of formula (II)'. 
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(II) 



• t i«t HPC oreferably between 95 and 100% of the Compound (II) is 

In certain cases, SEUi can <u 

; Jons A third aspect of the present invention therefore provides a 
coformulations. A tmra - : whic h between 

lnsucnparacc oa racetamol is present m 

preferably between 95 and 100%, most preferably 100* of the par 
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Us .morpheas fonu The paraceramo, preferaMy represents . I« 2* — ***** 
! ..as.1%, mos. preferably a. I- S% or 10% or 20% or 25% or 2S% or ,0% or 5% 
or 40% or 50% or 60%, of the cofotraulauon. The oligomeeio or polymenc «Und rs 
praferably hydrophobic; mo* praferaMy H is an ethyl cellulose. The amorphous phase 

is prefer** arable, w*h respec. <o Hs coralline fbn»(s), *r * feast three 
momhs, preferably six mombs, more preferably nine or twelve o, eighteen or ^ four 
or thirty six months, after its preparation, when stored at between 0 and 1(PC. 1.* 
praferamy also arable, for she same period, when srored at 25-C, mora preferably also , 



40°C. 



Aspects of the invention can also provide methods for preparing the above 
described coformulations, using a SEDS™ process, as well as the use of a SEDS™ 
process to prepare the copulations. In particular, the invention provides the use of a 
SEDS™ process to prepare a coforu.ulat.on of an active substance and an ohgomenc or 
polymeric material, in which between 80 and 100% of the active substance is present m 
l5 Lamorphousasopposedtoc^^ 
subs tanceisstable^^^ 

its preparation when stored at between 0 and 10X. It also provides the use of a SEDS™ 
process to prepare a coformulation of an active substance and an ohgomenc or polymenc 
material, in which between 80 and 100% of the active substance is present m an 
20 amorphous as opposed to crystalline form and in which the active substance represents at 
least 10% of the coformulation. 

Also provided is a pharmaceutical composition containing a cofomtulauon 
acoooiinBto^emsUseeondormird^peotoffteinvemion. 

The invention further provides a method fo, preparing a coformularion of an 
25 acrive (preferably a p—tically acrive) atbaance and , hydrophobic oligon^o or 
polymeric exeipien, using a SEDS™ process, in which .be acrive subsrance and *. 
«£. are choaen so Urn. the difference bcraraen riteir respective «. speed* sob-* 
paramerara, K is between -5 and + 5, praferab,y b«ween -2 and + 2 and mora preferably 
Lo or dose to zero The exeipien, is praferab.y a celhdos. or ceMose de— uch 
» as.ne.hyiceuulose. The invenrion provides.be products of such a method, and the use 
of a SEDS™ process in it. 
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A further aspect of the invention provides a method for preparing a 
coformulation of an active (preferably pharmaceutical* active) substance and an 
oligomeric or polymeric excipient, using an anti-solvent-induced particle formation 
process (preferably a SEDS™ process), wherein, under the operating conditions used, 
the active substance is soluble in the chosen "anti-solvent" but the excipient . not. A 
preferred "anti-solvent" for this method is supercritical carbon dioxide. The active 
substance is preferably non-polar, as for instance the drug ketoprofen, and the excipient « 
preferably hydrophilic, for instance HPMC. Again the invention provides the products of 
such a method, and the use of a SEDS™ process in it. 

A yet further aspect of the invention provides a method for prepanng a 
coformulation of indomethacin and polyvinyl pyrrolidone, using an anti-solvent-induced 
particle formation process, preferably a SEDS™ process. The invention provades the 
products of such a method, and the use of a SEDS™ process in it. 

In some cases, it appears that SEDS™ can yield active/excipient mixes of 
, sufficient mtimacy that the initial "burst" of drug release, which tends to occur in the 
dissolution profiles of conventional systems, can be inhibited or even prevented. Certam 
coformulations according to the present invention can therefore be used as slow release 
drug formulations, providing a more uniform rate of drug release without the need for 
protective coatings or additional reagents. Examples include in particular coformulations 
!0 of water soluble active substances such as theophylline with relatively hydrophobic 
excipients such as ethyl cellulose. 

This finding is particularly important since the coformulation of an active 
substance in its amorphous phase would normally be expected to increase its dissolution 
rate Previous attempts to inhibit dissolution have instead typically involved placing 
25 physical constraints on the active substance, such as by trapping its particles in a two- 

phase polymer matrix. 

Thus, a further aspect of the invention provides a coformulation of an active 
(preferably a pharmaceutically active) substance and an oligomeric or polymeric 
excipient, comprising an intimate single-phase mixture of the active substance and the 
30 excipient in which between 80 and 100% of the active substance is present m an 

an.orphous as opposed to crystalline form, from which the dissolution rate of the active 
substance in an aqueous medium is no higher for the first 30 minutes, preferably for the 
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first 60 or 90 or 120 minutes, than it is subsequently. Such a coformulation is again 
preferably prepared by a SEDS™ process. 

Yet another aspect of the present invention provides a coformulation as defined 
above wherein the active substance is a COX-2 selective inhibitor. As used herein "COX- 
2 selective inhibitor" means an organic compound or pharmaceutically acceptable salt or 
solvate thereof which is capable of selectively inhibiting the COX-2 enzyme over the 
COX-1 enzyme. 

The COX-2 selective inhibitor may be a diarylheterocycle. As used herem 
"diarymeterocycle" means an organic compound of the diarylheterocycle genus (or a 
j pharmaceutically acceptable salt or solvate thereof), comprising two substituted or 
unsubstituted phenyl rings each directly attached to adjacent atoms in a five or s«- 
mem bered heterocycle or both of said phenyl rings directly attached to the same carbon 
atom of a C,s alkylidene linker, said C» alkylidene linker further attached to one atom m 
said five or six-membered heterocycle. 
15 The COX-2 selective inhibitor may be a diarylfuranone. As used herein 

"diarylfuranone" means an organic compound of the diarylfuranone genus (or a 
pharmaceutically acceptable salt or solvate thereof), comprising two substituted or 
unsubstituted phenyl rings each directly attached to adjacent carbon atoms in a furanone 
m oiety or both of said phenyl rings directly attached to the same carbon atom of a C,. 3 
20 alkyhdene linker, said C„ alkylidene linker further attached to one carbon atom m said 
furanone moiety. 

The COX-2 selective inhibitor may alternatively be a diarylpyrazole. As used 
herein "diarylpyrazole" means an organic compound of the diarylpyrazole genus (or a 
pharmaceutically acceptable salt or solvate thereof), comprising two substituted or 
25 unsubstituted phenyl rings each directly attached to adjacent atoms in a pyrazole mousy 
or both of said phenyl rings directly attached to the same carbon atom of a C, 3 alkyhdene 
linker, said Cw alkylidene linker further attached to one atom in said pyrazole mo,ety. 

The COX-2 selective inhibitor may alternatively be an arylpyridylpyridine. As 
used herein "arylpyridylpyridine" means an organic compound of the arylpyridylpyridine 
30 genus (or a pharmaceutically acceptable salt or solvate thereof), comprising one 

substituted or unsubstituted phenyl ring and one substituted or unsubstituted pyndyl 
moiety each directly attached to adjacent atoms in a pyridine ring or both said phenyl nng 
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and pyridyl moiety directly attached to the same carbon atom of a C,. 3 alkylidene linker, 
said C1-3 alkylidene linker further attached to one atom in said pyridine ring. 

The COX-2 selective inhibitor is preferably selected from the group consisting of 
(Z)-3-[H44*romophenyl)-l^^ 

(Z )_3.[l.(4^WorophenyI)-H4-methylsulfonylphenyl)methylene] dihydrofuran-2-one, Ar 
[5^4-methylphenyl)-3Ktrifluoromemyl>lH-pyrazol-l-yl]benzenesu^ 
(methylsulfonyl)phenyl]-3-phenyl-2(5/?)-furanone and the compound of Formula (ID): 




10 
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(Z) .3-[H4-bromophenylVH4-methylsulfonylphenyl)memylene]amydro 
2-one and (Z)-3-[lK4-cWorophenyl^H4-methylsulfonylphenyl)methylene] dihydrofuran- 
2-one are COX-2 selective inhibitors useful for the treatment of acute and chronic pain. 
See U.S. 5,807,873 and related applications incorporated by reference herein. 

4 _ [5 ^4-methylphenyl)-3<trifluo^ 
is a COX-2 selective inhibitor approved for the treatment of osteoarthritis and rheumatoid 
arthritis and is marketed in the U.S. under the tradename CELEBREX*" (celecoxib). See, 
e.g., U.S. 5,466,823 and U.S. 5,563,165, incorporated by reference herein. 

4-[4-(memylsulfonyl)phenyl]-3-phenyl-2(5/0-furanone is a COX-2 selective 
inhibitor approved for the treatment of osteoarthritis, treatment of primary dysmenorrhea 
and management of acute pain and is marketed in the U.S. under the tradename VIOXX* 
(rofecoxib). See e.g., U.S. 5,474, 995, incorporated by reference herein. 

The compound of Formula (II) is a COX-2 selective inhibitor being developed 
for the treatment of acute and chronic pain. See WO 99/15503 and related applications 
incorporated by reference herein. 
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These and other COX-2 selective inhibitors falling within the biarylheterocycle 
genus or more particularly biarylfurananone and biarylpyrazole genera appear to have low 
aqueous solubility, suggesting suboptimal bioavailability. Their coformulation whh 
oligomeric or polymeric excipients, in accordance with the present invention, can be 
5 expected to enhance their bioavailability 

The present invention will now be described, by way of example only, with 
reference to the following experiments and the accompanying figures, of which: 

Figure 1 is a schematic illustration of apparatus usable to carry out methods, and 
obtain products, according to the invention; 
10 Figures 2-5 are SEM (scanning electron microscope) photographs of some of 

the starting materials and products of Example I below; 

Figures 6 to 8 show dissolution profiles for three of the systems investigated in 

Example I; 

Figures 9 to 19 show plots of crystallinity against drug weight fraction for the 

15 systems investigated in Example I; 

Figures 20 to 24 are DSC (differential scanning calorimetry) traces for, 
respectively, crystalline indomethacin and a number of coformulations prepared in 
Example I, including after 24 months'storage; 

Figures 25 and 26 are plots of (6 s d -5 t p ) against X (see Table 10 below) for some 
20 of the systems investigated in Example I; 

Figures 27 and 28 are SEM photographs of some of the products of Example H; 

Figures 29 and 30 are plots of crystallinity against drug weight fraction for the 

products of Example II; and 
25 Figure 3 1 is a plot of crystallinity against drug weight fraction for the products 

of Example HI. 



Examples 

30 

The following experiments demonstrate the use of a SEDS™ process to 
coformulate various drugs and polymers in accordance with the present invention. The 
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physicochemical characteristics of the products, in particular the degree (if any) of drug 
crystaUinity, the stability of the amorphous phase and the relative concentrations of the 
drug and the polymer (ie, the drug "loading"), were tested and where possible 
manipulated by altering the operating conditions and solvents present. 

The drugs were chosen to cover a broad range of polarities, including the highly 
apolar ketoprofen and, in ascending order of polarity, indomethacin, carbamazepine, 
paracetamol, theophylline and ascorbic acid. These drugs were coformulated with both 

hydrophobic (EC) and hydrophilic (HPMC) polymers. 

Ketoprofen was on the whole too soluble in supercritical carbon dioxide (the 

chosen anti-solvent) to produce meaningful results, even under moderate processing 

conditions. Surprisingly, however, it could be retained to a degree when coformulated 

with HPMC. 

In an additional investigation, PVP was coformulated with the poorly water 

soluble drug indomethacin. 

Further experiments (Examples II and III) coformulated two cyclo-oxygenase-2 
(COX-2) enzyme inhibitors with HPC and, in the case of Example II, a 
polyoxypropylene-polyoxyethylene block co-polymer, Pluronic™ F87. 

In Example IV, the drug glibenclamide was coformulated with 75/25 DL-lactide- 
co-caprolactone. 



20 



Experimental details 

The method used was essentially the SEDS™ process described in WO- 
25 95/01221. It is envisaged that modifications of SEDS™, as described in that document, 
WO-96/00610, WO-98/36825, WO-99/44733 and/or WO-99/59710, could be used to 
similar effect. 

The apparatus is shown schematically in Figure 1, in which 1 is a particle 
formation vessel; 2 is a device (eg, a filter) for retaining the particles formed; 3 is an oven 
30 and 4 a back pressure regulator; and 5 is a nozzle for co-introducing, into the vessel 1, a 
supercritical anti-solvent from source 6 and a target solution from source 7. The items 
labelled 8 are pumps; 9 is a cooler, 10 a heat exchanger and 1 1 a pulse dampener. A 
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recycling system 12 allows solvent recovery at 13 (via needle valve 14), whilst returning 

carbon dioxide to the cooler 9 for re-use. 

The nozzles employed at 5 were two-passage coaxial nozzles of the general form 

depicted in Figure 3 of WO-95/01221, typical dimensions being as described in that 
document. Supercritical carbon dioxide was the chosen anti-solvent, introduced into a 50 
ml particle formation vessel via the inner nozzle passage. The "target solution", ,e, a 
solution of the drug or polymer, or more typically of both together, was introduced 

through the outer nozzle passage. 

in situ mixing of separate drug and polymer solutions could have been achieved 
using a nozzle having three or more coaxial passages, allowing the two solutions to meet 

at the nozzle outlet. 

Selection of a suitable solvent depended on the properties of both drug and 
polymer but particularly on the latter because of the potential difficulties of processing 
polymeric solutions and dispersions. Polymeric dispersions can exhibit very high 
viscosities, even when dilute, whereas in "good" solvents the polymer matrix wul relax 
and loosen, allowmgboth a greater degree of interaction and a lower viscosity, important 
respectively for the production of intimate drug/polymer mixtures and for the processmg 

requirements of SEDS™ [8]. 

The analytical techniques employed in the experiments were as follows: 
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Scanning electron microscopy (SEM) 

Particle size and morphology were investigated using an Hitachi™ S-520 
scanning electron microscope (Hitachi, Japan). Aluminium stubs containing a small 
quantity of sample particulate were sputter-coated with a gold layer ~300A thick and 
25 viewed and photographed under varying magnifications. 

Differential scanning calorimetry (DSC) 

This technique was used to measure sample crystallinity, given that the lower the 
order of the crystal lattice the less energy required for melting the sample. DSC was used 
30 to determine thermal profiles, to monitor the latent heat of fusion (AH f ), to identify any 
phase or polymorphic transitions and desolvation phenomena, and to determine meltmg 
points and glass transition temperatures. 

17 



WO 01/15664 



PCT/GBOO/03328 



were 
Th 
sul 
size 



A Perkin-Elmer™ DSC 7 (Perkin-Elmer Ltd, UK) was used. 1-5 mg samples 
examined in pierced, crimped aluminium pans, under an atmosphere of nitrogen. 
The analytical temperature range depended on the drug investigated. Theophylline 
Mimed just above the melting point, causing difficulties in measuring endotherm peak 
This problem was overcome by adopting a sealed pan method. 
Relationships between product crystallinity and weight fraction of drug in the 
product were also investigated. Crystallinity was derived from the latent heat of fusion 
(AHf), using the equation: 

AHr (coformulation) 100 
%crystalhmty- ^-^5^^^- Weight fraction of drug 
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X-ray diffraction (XRD) 

This was also used to give ^qualitative assessment of crystallinity. Samples 
15 were analysed on a D5000 XRD (Siemens, Germany) between 5 and 30° 26. 

UV spectrophotometry (Example J) 

The weight fraction of drug in samples was measured with an Ultrospec™ 4000 
spectrophotometer (Pharmacia Biotech, Cambridge, England), from reconstituted 
20 solutions of the samples. The absorbance of the polymers was negligible at the 
wavelengths used. 

Dissolution test (Example I) 

Dissolution testing was carried out using a stirred vessel technique and UV 
25 analysis. The apparatus consisted of a 1 litre round-bottomed vessel maintained at 
around 3TC in a water bath, stirred by paddle at 60 rpm. The medium was circulated 
using a peristaltic pump through a 10 mm flow cell. UV readings were taken every 30 
seconds using an Ultrospec™ 4000 spectrophotometer (supra) and analysed for up to 
between 30 and 60 minutes. 
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Three systems were analysed. paracetamol/HPMC, theophylline/EC and 
indomethacin/HPMC. The conditions for the individual systems were:- 
Paracetamol/HPMC: 247 nra, 37+0.5°C, 500 ml distiUed water. 
Theophylline/EC: 273 ran, 37±1.0°C, 350 ml distilled water. 
5 Indomethacin/HPMC: 235 ran, 37±0.5°C, 400 ml pH 7.00*>.02 0.05M 

NaH 2 P0 4 aqueous buffer. 

A different medium was needed for the indomethacin system due to the drug's 
poor water solubility. The chosen medium provided a compromise between observing 
drug release within a practical time span and allowing sufficient discrimination to identify 

10 true dispersions. 

The release profile characteristics were compared with physical mixes to give an 
indication of polymer/drug interaction and possible complex formation. The physical 
mixes were prepared from pre-micronised drug ground (for 1 minute in a pestle and 
mortar) together with the designated polymer. Samples were transferred to hard gelatine 

15 capsules (size 4 clear/clear, weighted by 60.40 tin/lead wire coils) for analysis. The 
capsules gave no significant absorbance in the analysis region. 
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Aerosker-Aerodisperser™ particle size analyser (Example II) 

Particle size analysis was carried out using a time-of-flight analyser (Aerosizer* 
with Aerodisperser™, TSI Inc, USA). This instrument is capable of sizing dry powder 
samples over the range 0.2-700 urn. The powder is dispersed in air and the air/particle 
suspension is expanded through a nozzle into a partial vacuum. The air/particle stream 
accelerates through a measuring region, where the particles pass through two consecutive 
laser beams. Smaller particles experience a greater acceleration than larger ones and 
25 hence move more rapidly between the two beams. From measurements of the time taken 
to travel between the beams and the known density of the material, the Aerosizer™ 
software calculates the mean size distribution of particles present in the sample. The data 
obtained complements SEM observations. No sample preparation is required. 
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HELOS Sympatec™ particle size analyser (Examples U and ID) 

This instrument uses laser diffraction to determine particle size distributions of 
solid particulate materials. It is capable of measuring across the particle size range 0.1- 
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8750 urn. A dry powder sample is introduced, via a vibrating conveyor feeder, into a dry 
dispersing unit. Here the powder and any agglomerates present are fully dispersed m an. 
The dispersion of single particles is then propelled by compressed air and fed through the 
measuring zone, where the particle stream interacts with a monochromatic hrgh energy 
beam from a He-Ne laser. The laser light is diffracted and detected by a multicomponent 
photodetector. The intensity of the diffracted light is then converted into an electncal 
signal, which is used to calculate the particle size distribution. Again, the data 
complements SEM observations. No sample preparation is required. 

, High performance liquid chromatography (HFLC) (Examples U and JSS) 

Compound (I) and (II) loadings were determined by HPLC using UV detecuon. 
A, isocratic method was followed, employing a single mobile phase (0.1% phosphonc 
acid acetonitrile (62:38 v/v), degassed for 20 minutes before use). 

Quantification was by external standardisation. Two stock solutions of 
l5 Compound (I) with concentrations of 500 ugml 1 were prepared in the mobile phase. 
Appropriate volumes were alternately taken and diluted with mobile phase to produce a 
set of standard calibrants in the nominal range 2 to 10 ngmT 1 . Aliquots of prepared 
sample solutions, diluted if necessary, were then submitted to HPLC analysts, 
interspersed with the calibrant solutions. Using the following nominal condmons a 
20 chromatogram was generated. 



_ Capable of delivering 1 1 mlmin 1 

Pump: r 

Sample size: 20 ul (ATI Unicam™ autosampler) 

Column . 150 x 4.6 mm, ZORBAX™ RX-C8, 5 um 

Column temperature. 30°C 

Flowrate: 1.1 mlmin-' 

Detector/wavelength: Jasco™ UV-975 / 220 nm 
Peak response: 

Cycle time: Typically 17 minutes 
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M peaa area — - — — — 
chromatography software Vers™ 1 22.01 



^^suse.hr^^ofeM^— asft^**^ 
„a solubility parameuta are Used in Tab!e 1 he.ow. 



L-ascorbic acid 

Carbamazepine 
Indomethacin 
Ketoprofen 
Paracetamol 
Theophylline 

EC 

HPMC 
PVP 

Dichloromethane 
Chloroform 
Ethanol 
Ethanol 

Methanol 



Grade 

General laboratory 
reagent 
Ditto 
Ditto 
Ditto 
99.0%+ 
Anhyd. 99%+ 
7 cps 

3 cps (603) 



Sup plier 

Sigma Chemical Co, St Louis, 
Missouri, USA 
Sigma 
Sigma 
Sigma 
Sigma 
Sigma 

Colorcon, Dartford, England 
Shinetsu Chemical Company, 
Tokyo, Japan 
Sigma 

BDH (Merck), Poole, England 

BDH 
BDH 

Rathburn Chemicals Ltd, 
Walkertmrn, Peebleshire, Scotland 

BDH 

Sodium dihydrogen Sigma 



Av. rool. wt. 10,000 
AnalaR 99.5%+ 
AnalaR 99.0-99.4% 
AnalaR 99.7-100% 

HPLC 

AnalaR 99.8%+ 
99.0%+ 
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Material 
L-ascorbic acid 



Chemical structure 
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CH-OH 

I 2 




OH OH 



Carbamazepine 




Paracetamol 

(US acetaminophen) 
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Theophylline 



Ethyl cellulose (EC) 




Hydroxypropyl methyl 
Cellulose (HPMC) 




Ris H, CH 3 or [CH 3 CH(OH)CHJ 
Polyvinyl 

Pyrrolidone (PVP) 
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Table 1 Polarity and solubility parameters of drugs and polymers studied* 







8„ 


5p 


St 


8 S + 


6, 


Material 


Polarity 


(MPa*) 


(MPa H ) 


(MPa H ) 


(MPa y ") 


(MPa H ) 


Ethyl cellulose 


0.34 


16.7 


2.9 


11.7 


12.4 


20.6 


Hydroxypropyl 


0.69 


13.7 


6.5 


14.9 


16.3 


21.3 


methyl cellulose 














Ascorbic acid 


0.71 


21.0 


14.0 


30.0 


33.1 


39.2 


C arb amazepine 


0.23 


22.0 


7.6 


9.6 


12.2 


25.2 


Paracetamol 


0.40 


21.1 


8.5 


15.0 


17.2 


27.3 


Indomethacin 


0.19 


21.9 


5.6 


9.1 


10.7 


24.4 


Theophylline 


0.53 


17.4 


13.1 


12.8 


18.3 


25.2 



5 

♦Values obtained from published literature 

+ 8 5 =(Sp 2 +o,, 2 )* 



In Table 1, Sa, 5p and 6h are the partial solubility parameters representing 
10 dispersive, polar and hydrogen bonding effects respectively; 6, is the total solubility 

parameter, where 5* = 8 d 2 + 8p 2 + 8h 2 [9]; 8, is the total specific (ie, polar and hydrogen 

bonding) solubility parameter. 

The principal operating conditions (temperature, pressure, fluid flow rates and 
nozzle orifice diameter) were manipulated and optimised for each drug/polymer system. 
15 Different drugrpolymer concentration ratios were also tested. 
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It was found that temperatures in the range 34-50°C and pressures between 80 
and 100 bar were preferable for processing these polymers. Anti-solvent:target solution 
flow rate ratios (into the particle formation vessel) were between 66: 1 and 200: 1 . ie, an 
anti-solvent flow rate of 20 ml/min was used with target solution flow rates of between 
0 1 and 0.3 ml/min. 

Nozzle outlet internal diameters were between 100 and 500 urn, 100 urn being 

preferred over those greater than 200 um. 

A 1:1 mixtureofethanolanddichloromethane(orl:l ethanol/chloroform in the 
case of PVP) was used as the drug/polymer solvent. This yielded dispersions of suitably 
low viscosity, enabling processing without significant nozzle blockage. Similarly, ethanol 
was found to produce low viscosity dispersions for the EC systems. A polymer 
concentration of 0.5% w/v provided a balance between the ability to pump the solution at 
a moderate back pressure and an acceptably high material throughput. 

To facilitate processing, the polymers used were selected from the lower 

molecular weight fractions - 3 cps HPMC, 7 cps EC and PVP of average molecular 

weight 10,000. 
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Results & discussion 

The results of the various experimental runs (in particular yield, morphology and 
drug loading) are summarised in Tables 2 (ascorbic acid), 3 (carbamazepine), 4 & 5 
(indomethacin), 6 & 7 (ketoprofen), 8 (paracetamol) and 9 (theophylline), appended. 
The tables also indicate the operating conditions (temperature and pressure within the 
particle formation vessel, fluid flow rates, target solution concentration and nozzle tip 

(outlet) diameter) for each run. 

The products were in the form of finely dispersed particulates; all were non- 
cohesive, easy-flowing powders with good handling properties. Their morphology was 
assessed using SEM, which revealed the non-crystalline products typically as fine, 
agglomerated, roughly spherical particles of the order of 0.05-1 um diameter. The 
homogeneity in the appearance of the particles suggested they comprised molecular-level 
dispersions. Above the amorphous limits detected, mixtures of such web structures wtth 
additional, larger drug crystals were observed in many cases. 
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Figures 2 to 5 are SEM photographs of some of the starting mmeruds and 

„« specifically Figure 2 shows the tadomothaoin raw rnatenal 

^'thelorphous indome^cWHPMC product of 
(at 2000X magtnficauon); Frgure 3 shows » » 0 , 
experimental run RASE 21 (2000* magmficaoon), Frgure sho P 

> ^ EiMP s shows the amorphous paracetatnol/riFMt* 
material (200x magnihcanon) and Figure 5 shows tne am v 

product of experimental run RASF 34 (lOOOx nurgnificanon). 

^jretogshow^onp^esrerthteeof^^-— 
pa—UFMC (Fig- 6), .heophyuineEC (Figure J, and 

M „meLm:HPMC(F^eS) ^^^^^^^ 
fte various experimemal nms; X (%) la Um maximum eor~n.mt.on of .he an»rPhous^ 
t Zf Jig prior to tile detection of crysudlinity. In all Uuee systems, .here were 

LflvirdubHedhycoformularionwidrHPMC, whilst Urn drsaoh.oon rate of 
the amorphous detected limit). 

Degree of crystalling n c n against drug weight fraction are 

Plots of drug crystallinity (determined by DSC) against ^ 

•ii . rf «.t«l are ascorbic acid/EC, ascorbic 
25 shown in Figures 9. o 19. The systems Unstinted are aaeorh 

^MC, careamaaepine/EC, c^hamazepine/HFMC, -"-"^ 
^omeWHPMC, mdometi^n/PVF, paraeeUmoVEC, para—ttMC, 

-^rr^^andpo.yrner — 

Aitnougnn r qfdS™ products was found 

,„ proportionofamorphous.ocrysulhnedmgpresen.mtheSEDS pr 

Clon and -preoption from soWen. sys.cn* 01 For instance, maxnnun, 
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amorphous phase concentrations for indomethacin were 25±5% with EC, 35±5% with 
HPMC and 60±5% with PVP. Up to 10-1 5% amorphous ascorbic acid was achteved m 
coformulation with EC, and up to 35-40% with HPMC (Figures 9 and 10). (Note that 
drug concentrations are quoted at the limit of the amorphous/crystalline state 
boundary, due to the hmhations of the method of quantifying crystallinity by DSC and the 
limited number of data points around the phase change concentration.) 

These results are of particular significance for poorly water soluble 

pharmaceuticals, for which the amorphous form is generally preferred because of its 

superior dissolution rate. 

Physical and chemical stability 

The medium to long term storage stability of several of the Example I products 
was investigated. In all cases the physical properties of tbe samples were unchanged even 
after up to 24 months' storage; the samples remained free flowing and easy to handle. 

Chemical stability (in terms of amorphous phase contents) was assessed usmg 
DSC Looking firstly at the mdomethacin/PVP system, the drug in its crystalline form 
exhibits a peak in DSC profiles at 150-165'C, when analysed at a scanning rate of 
20X/min This peak shifts to lower temperature in coformulated indomethacm/PVP 
systems Figures 20 and 21 show DSC profiles for, respectively, the crystalline raw 
3 material and the indomethacin/PVP system prepared in experimental run RASE 64. The 
peak at 139<>C in Figure 20 indicates the presence of crystalline indomethacm m the 
sample (which contained 78% w/w indomethacin, with 30% crystallinity). 

The indomethacm/PVP samples prepared in experimental runs RASE 70, RASE 
69 RASE 62 RASE 66 and RASE 63 (containing 16, 20, 48, 51 and 62% indomethacm 

desiccator at between 2 and 8»C. The DSC results indicated no crystallinity m any of the 
samples even after 24 months. An example DSC profile for the RASE 63 sample 3*^4 
months is shown in Figure 22; the absence of the 139°C peak indicates an absence of 

crystalline indomethacin. 

Three theophylline/EC systems were also tested, after storage at ambtent 
temperature and without desiccation. The DSC profiles obtained after 24 months for the 
products of runs RASH 6, LSDA 52 and RASH 14 (containing 9, 17 and 27% 
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theophylline respectively, in each case 100% amorphous) again lacked definite peaks, 
indicating no detectable drug crystaUinity. An example DSC profile, for the RASH 14 
sample, is shown in Figure 23. 

In a similar experiment, the stabilities of four of the paracetamol/HPMC 
products were tested over a 24 month storage period. The storage conditions were as for 
the theophylline/EC systems. The 24 month DSC profiles for the products of 
experimental runs RASF 31, RASF 27, RASF 97 and RASF 40 (containing 19, 20, 21 
and 29% paracetamol respectively, in each case 100% amorphous) indicated an absence 
of crystallinity. Figure 24 is an example DSC profile, for the RASF 40 sample. 

Thus, coformulations according to the invention, made by a SEDS™ process, 
appear to possess excellent long term storage stability, with respect both to their physical 
properties and to re-crystallisation of the active substance. 

With regard to the above stability data, it is of note that many of the systems 
tested were close to the point of inflexion on the graphs of crystallinity versus drug 
loading. In other words, they were systems containing the maximum possible drug 
loading before the onset of crystallinity. Other products of the invention, staining 
lower drug loadings, would if anything be more stable under the same storage conditions. 
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Solubility effects 

A relationship was observed, in the systems containing the hydrophobic polymer 
ethyl cellulose, between the amorphous phase drug concentration and the total specific 
solubility parameters S s (SH& + tff - see Table 1) of the reagents. Insofar as could be 
inferred from the systems studied, the trend was towards the maximum concentration of 
amorphous phase (and thus also the maximum drug:polymer interaction) being achieved 
when the 8, of the drug and the polymer were equivalent or substantially so. 

It appears that drug/polymer dispersion, and intermolecular/interpolymeric chain 
mixing and interaction, can be maximised by choosing the reagents so that (5, a - S.") is 
zero or close to zero (where S s " and 6? represent the total specific (ie, polar and hydrogen 
bonding) solubility parameters for the drug and polymer respectively). These systems 
would be expected to contain the maximum amount of amorphous phase drug, lower 
amorphous phase levels occurring as (8 s d - 8/) attained either a positive or a negative 
value. 
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Table 10 lists calculated values of (5 s d - 8 *) for the systems studied, together 
values of X% (mid-point and range). 

Table 10 



Drug/Polymer 


(5 s d -o7) 


X(%) 








Midpoint 


Range 


Ascorbic acid/EC 


20.7 


IOC 

12.3 


10-15 


Ascorbic acid/HPMC 


16.8 


37.5 


35^10 


Carbamazepine/EC 


-0.2 


25.0 


20-30 


Carbamazepine/HPMC 


-4.1 


32.5 


25-40 


Paracetamol/EC 


4.8 


6.0 


1-12 


Paracetamol/HPMC 


0.9 


30.0 


25-35 


Indomethacin/EC 


-1.7 


23.0 


18-28 


Indometbacin/HPMC 


-5:6 


40.0- 


35-45 


Theophylline/EC 


5.9 


25.0 


20-30 


Theophylline/HPMC 


2.0 


12.5 


5-20 



The Table 10 data are plotted in Figures 25 and 26. The maximum amorphous 
phase contents found for drug/EC systems, with the exception of paracetamol/EC, seem 
,0 to be in accord with the hypothesis (Figure 25), showing a maximum of approximately 
27% amorphous content at 8»- - 8/ = 0. In contrast, for the drug/HPMC system (Figure 
26), a minimum is observed at the zero point, with the paraceUmoVpolymer system again 

deviating from the trend. 

The systems containing paracetamol deviate from the trends exhibited by the other 
drugs. Polar systems have a greater tendency to exhibit irregular solution behaviour. 
Furthermore, if a molecule contains at least two active groups with differing hydrogen 
bonding abilities, this can lead to anomalous solubility behaviour. Commonly referred to 
as the "chameleonic effect", this is a combined effect of the solubility parameter and 
solute-solvent and solvent-solvent hydrogen bonding. Paracetamol is known to form 
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tegular solutions in polar solvents [10-12] and contains the functional groups -OH and - 
NH- which leads to varying behaviour dependent on the solvent environment. 

' ft is of note that attempts to form amorphous paracetamol using convenuonal 
particle formation techniques have proved unsuccessful, this being attributed to the mgh 
c^stallinity and crystal energy of the drug. However, using SEDS™ to coformulate 
paracetamol with for instance HPMC, a particulate product containing between 25 and 
35% of the amorphous drug can be prepared. 



10 F.xam ple II - 
This series of experiments demonstrates the coformulation, using SEDS , of a 

cyclo-oxygenase-2 (COX-2) inhibitor of the formula (I): 




((Z)-3 
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. [H 4-cWoro P henyl>H4^^ 
(a) hydroxypropyl cellulose (HPC): 



Structural Formula: 




Where R is H or [-CH^-CHCCHjH^H 
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and: 



(b) "Poloxamer 237" (P-237), also known as Pluronic™ F87, which is a 
polyoxypropylene-polyoxyethylene block copolymer of the chemical formula 
5 HO(C2H40) M (C3H«0)37(C2H40) M H. 

The reagents used in the experiments were analytical or HPLC grade. 
For (a), the solvent used was a mixture of DCM and ethanol (1:1), which could 
dissolve both the drug and the polymer together. The (HPC + drug) concentration was 
varied between 0.5 and 4.5% w/v and the DCM:ethanol ratio was altered where 
10 appropriate to increase solution saturation. The ethanol helped to lower the viscosity of 
the HPCdispersion. 

The operating conditions for (a) were 90 bar and between 50 and 70°C. Higher 
temperatures facilitated solvent extraction. CO, flows of up to 20 ml/min were used, 
with target solution flows of as low as 0.1 ml/min. The conditions for each experimental 
15 run are summarised in Tables 1 1 and 12, appended. 

For (b), the operating temperature was 35"C (due to the relatively low melting 
point of the polymer) and the pressure was varied between 75 and 100 bar. DCM was 
used as a solvent for both Compound (I) and the polymer together, with solution 
concentrations between 1 and 3% w/v. The CO, anti-solvent flowed at 18 ml/min and 
20 thetargetsolutionatbetwe^O.landO^mVmin. Table 13 (appended) summarises the 

operating conditions for each run. 

In both sets of experiments, nozzle outlet diameters of 100, 200, 400 and 750 urn 
were employed, and either a 50 ml or in some cases a 500 ml particle formation vessel. 

Results & discussion - Compound (I) and HPC 

25 The results are given in Tables 1 1 and 12, appended. The best yields and particle 

sizes were obtained in run 14, using 85% w/w of Compound (I) - this gave a 95% yield 
of free flowing rounded/plate-like particles with an average diameter of 3.8 urn (Figure 
27 SEM taken at 4000x magnification). At 30% w/w HPC (run 17), a 96% yield was 
obtained but the particles were more flake-like and agglomerated, their average size being 

30 13.1 ^. HPC concentrations of 50 and 80% w/w gave large (20.7 urn) coral-like 
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agglomerates (runs 21 (Figure 28, SEM taken at 2000x magnification) and 22). In all 
runs the recovery of Compound (I) was greater than 90%. 

Generally, nozzle blockages were reduced at lower concentrations (eg, about 80% 
w/w or lower) of Compound (I). For some runs, a 50 ml vessel soon clogged with 
precipitated solids; a 500 ml vessel was substituted to eradicate this problem. 

Particle agglomeration (and hence large particle sizes) could generally be reduced 
by decreasing the process throughput, for instance by reducing the concentration and/or 
flow rate of the drug/polymer solution (whilst still maintaining a near saturated solution). 



10 



15 



Results & discussion - Compound (I) and P-237 

The results are given in Table 13, appended. The smallest particles of pure 
Compound (I) were produced in run 38, using a 2% w/v target solution with a flow rate 
of 0.15 rnl/min. These conditions were used to produce coformulations for dissolution 
testing, as well as a control batch of pure Compound (I). 

The recovery of Compound (I) in all samples was 100%. 



Degree of crystcdlinity 

Products were subjected to DSC analysis to determine the degree of crystallinity 
in the Compound (I) present. The results, as a function of drug concentration, are shown 
in Tables 14 and 15 below, for the HPC and P-237 systems respectively, and are 
20 illustrated graphically in Figures 29 and 30 respectively. 



Table 14 - 
Crvstallinnv levels in H PC systems 



rnnr*>ntration of Compound (D 


AH f coformulation 


% Crvstallinitv 


f°/„ w/w^rtwHPLO 


IZg 


Unprocessed Compound (I) 


96.1 


100 


100 


94.2 


98.1 


100 


94.0 


97.8 


100 


94.2 


98.0 



32 



WO 01/15664 



PCT/GBOO/03328 



88 


78.0 


92.2 


86.7 


75.1 


90.2 


79 


73.9 


97.3 


78.6 


77.7 


102.9 


64.5 


54.9 


88.6 


50 


26.y 


56.1 


43.6 


31.7 


75.7 


26.7 


5.1 


20.0 


20 


0 


0 



Table 15 - 
rT yctallinitv 1*v«ls in P-237 systems 



Concentration of ComDOund_01 


AH f nnformulation 

I/g 


% Ciystallinitv 


Unprocessed Compound (1) 


96.0 


100 


100 


93.6 


97.4 


86.2 j 


64.9 


78.4 


85 


66.4 


81.4 


71.3 


48.1 


70.3 


70.7 


46.6 


68.7 


53.7 


20.8 


40.3 


20 


0 


0.0 



10 



The results for both systems indicate that crystaUinity is significantly reduced as 
polymer content increase, The reduction is nearly linear for the P-237 system, but for 
HPC a polymer content of at least 20% Ww is needed before crystallinity levels start to 
decrease. For both systems, a 100% amorphous product was achieved at drug loadings 
of20%w/worless. 
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10 



Physical and chemical stability 

A representative sample containing 20% w/w Compound (I) and 80% w/w P-237, 
produced using a SEDS™ process as described above, was stored for 13 months in a 
screw-top glass jar, under ambient conditions (10-27»C) and in the dark. At the end of 
this storage period the sample was found to have retained its initial physical property ,e, 

it was still a free-flowing, easily handled powder containing discrete particles. It had also 

retained its 100% amorphous nature (assessed using DSC). 



F.xam ple III 

This series of experiments demonstrates the coformulation, using SEDS , of a 
COX-2 inhibitor of the formula (II): 




(ID 



15 



20 



((Z>3-[M4-bromopheny^^^ 
with HPC 

Apparatus similar to that used in Examples I and n, but scaled up 10 fold, was 
used to cany out SEDS™ particle formation. Both Compound (II) and HPC (as used m 
Example II) were dissolved in acetone, at an optimum concentration of 2.0% w/v. The 
preferred operating temperature was 60X and the pressure 120 bar. The optimum target 
solution flow rate was 1 .0 ml/min, that for the supercritical carbon dioxide antt-solvent 
200 ml/min Products containing 10%, 20%, 30%, 50% and 70% w/w Compound (H) 
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we prepared using rhese condWons, rhe exac, croons for each run being sununariseo 
rvf TTPC w&s used 

ExperUnen. »ere also carried our u S ing DCM:«ha»o, ,35:65 v/v) as 
. soluuon of 1.0% v,v, an operadng renrperaurre and pressure of 50^and 

90 bar respecuve.,, a ra*er soiuuon now me of, .0 nd/nun •* a superenhc* c»bon 
Aoxide gow rate of 200 nd/min. The opening condhions fo, each run are _ed 
in Table 17, appended; a produc, coruainhrg ,0% w/w Co m pound (If) - suecessn* 
10 prepared. 

Results & discussion . 

T.e^tsare^venintheappendedTabies^andn. Sample crystal was 

assessed in each case by DSC; the results are shown in Table 18 below and -presented 
15 graphicallyinFigureSl (plot of crystallinity against drug loading). 



Tableil 



Pnmpnund (ID 

r«nf. (% W/W> 



Starting material 
25 
25 
30 
90 
50 
70 
85 
90 
10 
15 
20 



Latent hep* nf fusion 
Coformulation 

im 

74.84 
5.6 
6.2 
10 
64.7 
31.6 
48.9 
58.6 
63.3 

0 

0 

0 



o/, rrvstallinitv RunPT 



100 
29.6 
33.3 
44.4 
96.1 
84.5 
93.3 
92.2 
94 
0 
0 
0 



N/A 
17 
17 
18 
19 
20 
23 
9 
24 
25 
10 
13 



20 
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Thus, the products containing 20% w/w Compound (II) or less (run numbers 10, 
13 and 25) had 0% crystallinity. After storage for approximately three months in screw 
top glass bottles, at ambient temperature (10-27-Q and in the dark, these samples were 
found to have retained their 100% amorphous nature. They were also still free-flowing, 
easily handled powders, as initially. 



10 



F.xam ple IV 

This series of experiments demonstrates the coformulation, using SEDS™, of 
ghbenclantide (l-{4-[2-(5-cMoro^^ 

cyclohexylurea, an anti-diabetic drug) and 75/25 DL-lactide-co-caprolactone (Birmingham 

Polymers, England). 

Supercritical nitrogen was used as the anti-solvent, since supercritical carbon 
dioxide would plasticise the amorphous polymer excipient. The glibenclamide was 
,5 dissolved in methylene chloride. The anti-solvent flow rates were between 1 5 and 25 

litres min \ those for the drug solution between 0.05 and 0.1 ml mm 1 . A 500 ml particle 
formation vessel was used, at an operating temperature of between 35 and 60°C and a 
pressure of 100 bar. 

20 Results & discussion 

Coformulations having drug:polymer ratios of between 1:1 and 9:1 were 
successfully produced under the above conditions. XRD analysis confirmed that although 
the glibenclamide raw material was crystalline, all of the SEDS™ products contained 

100% amorphous phase drug- 
25 For all of the coformulations, residual solvent levels (measured using headspace 

gas chromatography (Varian™)) were below 300 ppm, surprisingly low in view of the 
poor mass transfer properties of supercritical nitrogen relative to supercritical carbon 
dioxide. 
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Appendix 

There now follow Tables 2-9 (Example I), 11-13 (Example II) and 16 and 17 (Example 
m), referred to above. 
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Comments 


Small nozzle tip causing large 
pressure build up 


NewO.lmmtip. Blockages again 
causing processing problems. 


Large pressure build up 


Larger nozzle tip does not reduce 
pressure build up. Higher temp. 


HPC only using same conditions. 
A (iny amount of lumps produced 


Drug only at higher temperature 
conditions. 


Reduced nozzle blockages with higher 
polymer content. 


Lower nozzle blockages. Particles are 
more agglomerated 


Repeat of run 7 


Large nozzle blockages. Solvent 
modified to inaease saturation 


Sample very agglomerated, hence 
larger particle size results 


Large nozzle blockages. Lower soln 
flow has reduced particle size 
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Reduced nozzle blockages with higher 
HPC content. 


Pure dntg sample to be used as a 
control for dissolution. 


Particles size smaller than in run 15. 
Reduced solution flow? 






Clusters of rounded particles 
<2um 






Clusters of rounded particles 
<2um. Some needles. 




1 Clusters of rounded particles 
< 2 urn 




Agglomerated flakes/plates 
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Small particles < 2 urn, highly 
agglomerated. 
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Clusters of rounded particle 
! < 2um and needles < 5un 


! Clusters of rounded particle 
< 2um. Some needles. 




CI 
« 

"3 1 
S « 

« v 

i 2 

"a- 

B 

1 


© 

0 5 
5 ™ 

1 -h 
gfcl 


Clusters of rounded particles < 


Clusters of rounded/plate HI 
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particles < 2um 
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Solvent modified to achieve 
maximum saturation. 


Dnigsotution crashed out mid run. 
Run abandoned 


500 ml vessel used to stop material 
from plugging the nozzle region. 


500ml vessel. Very low yield. 


Addition of 5% HPC may improve 
dissolution further. Smalt particles 


New P + T conditions reduce AP but 
particle morphology changes 
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Comments 


(500 ml vessel). Coarse 
white powder covering 
entire vessel. Problem with 
run (AP?) 


(50 ml vessel). Stringy 
polymer mass on nozzle tip 


Pilot Plant Coarse/fibrous 
powder covering vessel 
walls 


Pilot Plant. Coarse/fibrous 
powder covering vessel 
walls 


Pilot Plant. Coarse/fibrous 
powder covering vessel 
walls 


Pilot Plant. Light, fluffy 
powder covering whole 
vessel 


Pilot Plant. Coarse/fibrous 
powder covering vessel 
walls 


Pilot Plant. Thin white 
film coating walls. 


Pilot Plant. Thin while 
powder Htm coating walls. 


Pilot Plant. Light, nufly 
powder covering whole 
vessel 


Pilot Plant. Light, nufly 
powder covering whote 
vessel 


Pilot Plant. Coarse/fibrous 
powder covaing vessel 
walls 


SEM Description/Morphology 


Small primary particles < 5 um 
heavily aggregated/fused. 
True co-precipitate 




Smalt primary particles < 5 um 
heavily aggregated/flised. 
True co-precipHate 


Small primary particles < 5 um 
heavily aggregated/ fused. 
True co -precipitate 


Dual morphology. Small 
particles < 4 um and thin wafer 
tike plates. 


Duat morphology. Small 
particles < 2 um but mostly thin 
wafer like plates. 


Small primary particles < 3 «m 
heavily aggregated/fused. 
Appears to be co-precipitate 




Agglomerated/fused irregular 
shaped chunks 


Smalt primary particles < 3 um 
heavily aggregated/fused. 


Dual morphology. Small 
particles < 2 um but mostly thin 
wafer like plates. 


Small primary particles < 3 um 
very heavily aggregated/rused. 
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